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ABSTRACT
Introduction The work of carrying water falls mainly on 
women and children, particularly in sub-Saharan Africa and 
rural areas. While concerns have been raised, how water 
carriage is associated with health of the water carrier is 
not clear. The aim of this review is to summarise evidence 
on whether, and how, water carriage is associated with the 
water carrier’s health.
Methods A systematic review of literature was 
conducted, searching Embase; Medline; Web of Science 
Social Sciences Citation Index; Web of Science Arts and 
Humanities Citation Index; International Initiative for Impact 
Evaluation website; WHO Virtual Health Sciences Library 
and WHO African index medicus, from inception to 8 
November 2017.
Results Forty-two studies were included. Their ability 
to demonstrate cause and effect relationships was 
limited by study design and fair or poor methodological 
quality. Overall, the studies suggest that water carriage 
is associated with negative aspects of the water carriers’ 
health. There is moderate quantitative and strong 
qualitative evidence that water carriage is associated 
with pain, fatigue, perinatal health problems and violence 
against vulnerable people, and inconclusive evidence of an 
association with stress or self-reported mental health and 
general health status.
Conclusion In many circumstances, water carriage is a 
potential barrier to Sustainable Development Goal (SDG) 
6 target ‘universal and equitable access to safe and 
affordable drinking water for all’ and SDG 3 ‘ensure healthy 
lives and promote well-being for all at all ages’. Efforts 
should focus on providing water on premises, and where 
this is not possible, providing water close to home and 
reducing risk of gender-based violence.
InTRoduCTIon
Historically, the focus of water and health 
research has been on management of water 
quality and risk or prevalence of infectious 
disease. However, health is defined more 
broadly as ‘a state of complete physical, 
mental and social well-being and not merely 
the absence of disease or infirmity’.1 More 
recently, interest in the work of carrying water 
from sources located away from the home, or 
‘off-plot’, has been raised by WHO, Unicef2 3 
and the International Labour Organisation.4 
Understanding how water carriage is asso-
ciated with health is relevant to the United 
Nations Sustainable Development Goal 
(SDG) 6, target 1 ‘universal and equitable 
access to safe and affordable drinking water 
for all’,5 and SDG 3, which aims to ensure 
‘healthy lives and promote well-being for all 
at all ages’.6 Adverse health impacts of water 
carriage are likely to have implications for 
SDGs 1 (end poverty in all its forms), 4 (quality 
education), 5 (gender equality), 8 (decent 
work and economic growth), 10 (reduced 
inequalities) and 16 (promote peaceful and 
Key questions
What is already known?
 ► Water carriage work falls mainly on women and 
children, particularly in sub-Saharan Africa and rural 
areas.
 ► Water is often carried in addition to other loads, and 
it may not be the heaviest or key porterage task 
leading to health issues.
What are the new findings?
 ► Moderate quantitative and strong qualitative evi-
dence indicates that water carriage is associated 
with pain, fatigue, perinatal health problems and 
violence against vulnerable people, while the evi-
dence that water carriage is associated with stress 
and general health is inconclusive.
What do the new findings imply?
 ► Efforts to improve access to safe drinking water 
should focus on achieving ‘safely managed’ water 
on premises.
 ► Where water fetching must continue, strategies to 
reduce risk of harm should focus on providing water 
close to home and reducing risk of gender-based 
violence.
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inclusive societies).7 They would also make water access 
inequitable for those obtaining water off-plot compared 
with people with safe water piped into their homes, and 
directly create inequity in relation to SDG 3.
Previous research has demonstrated an association 
between distance or time to water source and health of 
children in the home, as indicated by diarrhoeal disease, 
and child anthropometrics and mortality.8–10 Stelmach 
and Clasen11 reviewed the association between water 
quantity and health. In low-income countries, incidence 
of trachoma and gastrointestinal-related disease improved 
with increased quantity of water in the home, and in 
high-income countries, higher levels of water consump-
tion were associated with renal and bladder cancer, but 
not type II diabetes. What is absent from these studies of 
distance to water source and increased household water 
quantity, is investigation of how these factors affect the 
health of the person who brings water into the home. It 
is clear that women and children most commonly collect 
and carry water home for household use,3 12 13 often by 
carrying 20–25 L containers on their head14 or by other 
methods such as loading a number of containers into a 
wheelbarrow.15 16 While concerns have been raised, what 
remains unclear, is how the work of water carriage is asso-
ciated with the health of the water carrier. With more 
attention focused on this issue in recent years, a review of 
the published literature to summarise what is currently 
known and identify gaps in the existing knowledge base is 
timely. Therefore, a systematic review of published litera-
ture was conducted with the aim of answering the review 
question: ‘Is the work of water carriage associated with 
the health of individuals who fetch and carry water for 
household use?’
MeTHodS
A systematic review of literature was undertaken to iden-
tify research investigating the relationship between water 
carriage and health.
Search strategy and selection criteria
A search of electronic databases was conducted from 
inception to 8 November 2017 by one reviewer (JLG). 
Seven electronic databases were accessed: Embase; 
Medline; Web of Science Social Sciences Citation Index 
selecting public, occupational and environmental health 
themes; Web of Science Arts and Humanities Citation 
Index; grey literature databases provided by the Inter-
national Initiative for Impact Evaluation (http://www. 
3ieimpact. org/), the WHO Virtual Health Sciences 
Library (www. emro. who. int/ information- resources/ 
vhsl/) and the WHO African index medicus. Experts in 
the field of water access and health were also contacted to 
identify relevant literature and reference lists of included 
papers were checked for relevant papers.
One researcher (JLG) independently exported titles 
and abstracts of all retrieved citations into endnote (X7) 
and removed duplicates. Retrieved titles and abstracts 
were evaluated against predefined inclusion criteria by 
two reviewers (JLG and PRH). Studies were included in 
the review if they reported quantitatively measured vari-
ables or qualitative reports related to the work of fetching 
water from an off-plot or out of home source and carrying 
it back home and included some measurement or qualita-
tive appraisal of the health of the person who performed 
the water carriage work. Studies were excluded if they did 
not present any quantitative or qualitative analysis of the 
relationship between water carriage and health of people 
who perform water carriage work.
Inclusion criteria
 ► Quantitative research reporting the relationship 
between variables related to the physical work of 
carrying filled water containers and variables related 
to the health of the water carrier.
 ► Qualitative research where people who carry water 
report the effect of water carriage on their own health 
or the health of others who carry water.
 ► Studies reported in English, French, Spanish, Portu-
guese, Swedish or Turkish.
Exclusion criteria
 ► Studies reporting health only of children aged 5 or 
less, because children of this age are much less likely 
to carry significant water for household use.
 ► Studies reporting variables related to water access and 
water carrying, but not reporting health of the water 
carrier other than prevalence or indicators of infec-
tious or vectorborne diseases.
 ► Article with a topic focus on sanitation, hygiene, water 
source type and water source or household water 
contamination or treatment, without data on the 
work of water carriage and health of water carriers.
 ► Article with information on ‘water insecurity’ and 
health, without any data about the association 
between physically carrying water containers (as an 
aspect of water security) and health, disaggregated 
from other aspects of water insecurity (such as limited 
water quantity or quality).
Advanced searches were conducted using key terms 
combined with boolean operators to maximise search 
sensitivity. Terms were also mapped to medical subject 
headings (MeSH) in Medline and Embase. Truncation 
terms and searches in all fields ‘.af’ were used to maximise 
search sensitivity in each database where possible (online 
supplementary appendix 1).
data analysis
Summary measures, statistics and qualitative themes 
reported in the studies were diverse, and findings are 
presented as reported in each study. Where studies sepa-
rately presented analyses of multiple risk factors or inde-
pendent variables, and multiple outcomes or dependent 
variables, only findings which reported the relationship 
between variables related to the work of water carriage 
and health outcomes of the water carrier were extracted.
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No studies were excluded on the basis of methodolog-
ical quality, which was appraised independently by two 
reviewers: JLG and CH for qualitative aspects of studies, 
and JLG and JHG for quantitative aspects of studies. 
Where differences in quality scores could not be agreed, a 
third reviewer (PRH) was consulted to achieve consensus. 
The US Department of Health and Human Services, 
National Institutes of Health (NIH) Quality Assessment 
tool for observational cohort and cross-sectional studies17 
was used for 26 studies which reported quantitative data, 
and the Critical Appraisal Skills Programme (CASP) 
tool18 was used for 21 studies which were qualitative or of 
mixed methods and reporting a qualitative component 
to the study.
Meta-analysis was planned. However, the studies 
included in the review were too heterogeneous to 
perform a meta-analysis, because of differences in the 
characteristics of study samples, and exposure variables 
or outcomes measured, therefore a narrative synthesis 
was completed. A wide variety of systems to grade the 
strength of evidence gathered in systematic reviews have 
been reported, however most place emphasis on a hier-
archy of research design considered most robust for 
determining the effectiveness of a clinical intervention.19 
We therefore used a system reported by Hoogendoorn 
et al,20 to rate the strength of evidence from observa-
tional cohort and case-referent studies, considering study 
quality, number and consistency of findings. We modified 
the approach by Hoogendoorn et al by applying it to the 
synthesis of cross-sectional and qualitative studies, and 
incorporating the NIH and CASP ratings of study quality, 
because we aimed to identify whether water carriage is 
associated with reported health problems, even if it were 
not possible to establish a cause and effect relationship. 
There was no funding source for this study.
ReSulTS
Nineteen thousand, seven hundred and fifty-eight titles 
were retrieved through the electronic database searches 
(figure 1). Once duplicates were removed, 12 131 arti-
cles remained for further screening of abstracts and titles 
against the inclusion and exclusion criteria. Of these, 11 
789 articles were excluded (305 remained), because the 
title and abstract clearly indicated that the content was 
irrelevant to the purpose of this review; or because health 
outcomes were reported only for children aged 5 years 
or less or for cases of infectious disease; or they reported 
only sanitation and hygiene practices or household water 
supply type without information about water source 
location (ie, does not indicate need for water fetching 
work). A further 37 papers were flagged electronically 
while retrieving full-text papers from the databases, iden-
tified in reference lists of retrieved papers or obtained 
from contacting water, sanitation and hygiene (WASH) 
experts.
In total, the full text of 342 articles was obtained for 
review against the inclusion and exclusion criteria. Of 
these, 300 were excluded because they did not include 
data on either the work of water fetching or health of 
water carriers or both. Articles which focused on the 
health impact of physical contact with water at the point 
of collection, for example, reporting prevalence of schis-
tosomiasis infection and observed or reported water 
contact time during water fetching activities, were also 
excluded because such studies do not provide informa-
tion on the association between health and the work 
of carrying water containers home. In total, 42 articles 
were included in the review, which reported associations 
with the health of water carriers and the work of water 
carriage.
Twenty-six studies collected quantitative data.14 21–45 The 
overall methodological quality of the studies, in terms of 
their capacity to demonstrate a cause and effect relation-
ship between the work of water carriage and health was 
rated as fair (6 studies) or poor (19 studies), only one was 
rated as good (table 1). The key reasons for low-quality 
ratings were the use of cross-sectional study design, lack 
of evidence to support the reliability and validity of expo-
sure or outcome measures, lack of outcome assessor 
blinding and failure to include confounding factors in 
analyses.
Twenty-one studies reported qualitative 
data23 26 31 32 34 35 44 46–59 (table 2). While almost all seemed 
to have appropriately chosen a qualitative research 
design to meet their aims and provided a clear statement 
of research findings, there was often insufficient infor-
mation reported to determine whether recruitment, 
data collection and analysis were appropriate and suffi-
ciently rigorous. The influence of the researcher and 
ethical issues were also not clearly reported in most of the 
studies. We rated studies as ‘good’ if six or more of the 
appraisal criteria scored a ‘yes’ response, fair if four or 
five criteria had yes responses and poor if three or fewer 
had yes responses. The scoring process resulted in 12 of 
the studies being rated as of good quality, 5 of fair quality 
and 4 rated as poor quality.
The articles reported health and social outcomes 
including bodily pain, energy expenditure or fatigue, 
stress or mental well-being, perinatal health and access 
to healthcare services, lack of safety or discrimination 
related to social vulnerability and general health status. 
The studies reporting social outcomes of safety and 
discrimination were included because of the clear and 
likely direct impact of the reported social factors on the 
water carrier’s physical or psychological health. The 
reported health outcomes are grouped for comparison 
under key themes: bodily pain, energy expenditure and 
fatigue, stress and mental well-being, perinatal health, 
social vulnerability and general health.
There is moderate evidence from quantitative data 
and strong evidence from qualitative data of an asso-
ciation between water carriage and self-reported 
pain or injury (tables 3 and 4). Sixteen reports of 15 
studies14 26 28 29 31–33 39 43 46 47 52–54 58 59 included people 
within their study samples whose experience of water 
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carriage was associated qualitatively, or through quanti-
tative analysis, with pain, injury or risk of injury (table 5). 
The significantly reduced distance walked and time spent 
for water fetching among head-loading water carriers 
who reported pain, compared with those who did not 
report pain, was interpreted by Geere et al,14 as an indica-
tion of pain-related disability. They suggested that people 
who experienced pain during water fetching may reduce 
the length of time they are exposed to the loading force, 
while those without pain or with lower levels of pain may 
be able to collect water from greater distances. Although 
their study was limited by a small sample size, their find-
ings are supported by the studies including qualitative 
data derived from people who collect water. They are 
also supported by the findings of Rauniyar et al,29 who 
attributed a significant 5% reduction in the ‘drudgery’ 
of water fetching among the lowest socioeconomic group 
to water supply projects, and the findings of Porter et al,60 
who found high proportions of children reporting pain 
as a direct result of load-carrying, which particularly for 
girls, included water carriage by head loading. However, 
as highlighted by Porter et al,60 61 individuals in low-in-
come and middle-income countries carry diverse loads, 
and water may not be the heaviest load carried. Because 
none of the studies took this into account in their analyses, 
the effects of manual labour in addition to water carriage 
may confound the apparent associations between water 
carriage and pain.
In a recent study, Geere et al43 did not find an associ-
ation between pain in the previous 7 days and history of 
water carriage, but did find that among people reporting 
pain, the area of the body in which pain was experi-
enced was associated with a history of water carriage. Ten 
studies14 26 28 29 31–33 43 53 58 included some indication of the 
areas of the body in which water carriers experienced 
pain, with back and neck pain commonly reported. 
Geere et al43 found that participants reported multiple 
areas of pain, and that pain areas were correlated. Prin-
cipal component analysis explained 55% of the variance 
in pain locations and extracted two factors correlated 
Figure 1 Study selection (Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2009).
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with patterns of pain distribution. The factor ‘axial 
compression’ was correlated with head, upper back, 
chest/rib, hands and abdomen/stomach pain. The asso-
ciation was proposed to indicate detrimental impacts of 
axial spinal loading, because participants who had previ-
ously or currently carried water had a mean increase in 
axial compression factor score compared with people 
who had never carried water, and the association was 
stronger among head loaders compared with those using 
other methods of water carriage. The factor ‘soft tissue 
strain’ was correlated with neck, upper limb pain, lower 
back and lower limb pain, and was slightly negatively 
associated with those having history of water carriage. 
While these findings may seem to contradict earlier data 
reporting complaints of neck and back pain during water 
carriage, the ‘axial compression’ pain pattern associated 
with water carriage was interpreted as pain referral from 
an underlying neck disorder.
All studies relied on self-report of pain, which is appro-
priate and necessary as pain is a subjective and emotional 
experience.62 Self-reported pain intensity scales have 
been shown to be valid and reliable for use in clinical 
trials to evaluate pain severity caused by a range of medical 
conditions,63–65 however, only one of the studies reported 
findings based on a pain intensity scale,33 and the scale 
was not clearly defined in the published report. No other 
studies qualified participants’ reports of pain in terms of 
its quality, severity or effect on functioning. Qualification 
of pain is important because it is a common phenom-
enon, and can range from mild intensity which does not 
affect functioning or quality of life to severe pain which 
is disabling and/or reduces quality of life. Studies should 
focus on whether the work of water carriage is associated 
with pain which is of a quality or intensity sufficient to 
impair functioning or reduce quality of life.66
Seven studies included qualitative reports from partici-
pants, in which they associated physical injury with water 
fetching,31 32 46 47 53 58 59 and four described fear of injury 
due to water carriage along routes or from locations 
frequented by dangerous animals.31 32 39 59 One study 
reported three cases of a child drowning at open wells or 
ponds,31 participants in another study reported fear or 
risk of being swept away or drowning during floods32 and 
a further study included participants who had witnessed 
people struck by moving vehicles while fetching water.58
There is moderate evidence of an association between 
fatigue or tiredness and water carriage from quantitative 
data (table 3) and strong evidence from qualitative data 
(table 4). Five of 11 studies (12 publications) reporting 
tiredness, fatigue or exhaustion affecting water carriers 
(table 6), described associations with worsened family 
relationships,57 poorer health status24 26 and reduced 
engagement with education.32 58 Two studies measured 
energy expenditure.25 28 As an index of total energy 
Table 3 Strength of evidence from quantitative data
Health domain Quality* Quantity† Consistency‡
Strength of 
evidence§
Pain and injury One fair, eight poor 9 Consistent:
100% associate WC and pain
Moderate
Fatigue and energy 
expenditure
One fair, six poor 7 Consistent:
100% associate WC and increased 
fatigue
Moderate
Stress, mental well-being 
or life satisfaction
One good, one fair, 
three poor
5 Inconsistent:
3 (60%) associate WC and increased 
stress; 2 (40%) found no significant 
effect of reduced water collection time 
on mental health or life satisfaction
Inconclusive
Perinatal health Three fair 3 Consistent:
100% associate WC and reduced 
perinatal health or care access
Moderate
Social vulnerability One good, one fair, 
five poor
7 Consistent:
100% associate WC and social 
vulnerability or risks
Moderate
General health  One fair, three poor 4 Inconsistent:
3 (75%) associate WC and poorer 
health
Inconclusive
*Quality score based on National Institutes of Health tool, qualitative and quantitative data of mixed methods studies rated separately, such 
that total number of rating scores can be greater than number of studies.
†Number of studies.
‡Inconsistent: if ≤75% of the available studies reported the same conclusion.
§Evidence based on quality, number and the outcome of studies: strong=provided by generally consistent findings in multiple high-quality 
quantitative studies; moderate=generally consistent findings in one high-quality quantitative study and one low-quality study, or in multiple 
low-quality studies; inconclusive evidence=only one study available or inconsistent findings in multiple studies.20
WC, water carriage.
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expenditure, Rao et al25 described drawing water as 
moderate physical activity, and carrying two containers 
on the head as heavy physical activity, while Borah et al28 
categorised drawing and carrying water home as moder-
ately to very heavy. However, the energy expenditure 
measurements were done on very small samples of women 
in India, and may not be generalisable to other popula-
tions. Together with other studies in this review, which 
found that rating of perceived exertion is correlated with 
weight of water carried and path incline,14 that energy 
expenditure for water carriage may be most important in 
food scarce regions47 and that water points which reduce 
water fetching increase birth rates,24 current evidence 
highlights that the energetic cost of water carriage has 
potentially detrimental effects on health and well-being, 
manifesting as tiredness or fatigue.
We found inconclusive evidence that water carriage 
is associated with stress from quantitative data (table 3) 
and strong evidence from qualitative data (table 4). Two 
rigorous qualitative studies,34 57 and one fair quality36 
and two poor quality27 34 cross-sectional surveys, reported 
water carriage to be associated with stress (table 7). In 
these studies, psychosocial distress was identified as an 
effect of water carriage by thematic analysis, and measured 
using three different questionnaires and by quantifica-
tion of hair cortisol content as a biomarker for chronic 
stress. Despite the different indicators of stress, all of the 
studies elucidated mechanisms by which water carriage 
might cause stress. These included feeling unsafe during 
water collection,36 having insufficient time for family 
members to spend with each other or discuss household 
issues,57 the physical difficulty of water carriage with a 
young child,27 risk of physical assault or rape, extremes 
of temperature, queueing times and inability to complete 
household tasks triggering arguments between married 
couples.34 Considering issues related to social vulnera-
bility which are discussed below, it is plausible that water 
carriers experience stress related to fear of conflict or 
abuse.48 However, one good quality cohort study failed to 
find any significant association with respondents’ mental 
well-being or life satisfaction and connection to a piped 
water supply, among participants with above median time 
spent fetching water at baseline.30 One mixed methods 
study failed to find an association between emotional 
distress and water fetching time, even though partici-
pants found water collection to be ‘bothersome’ because 
of having to collect water at night.44 The findings of these 
studies are inconsistent with the others, however, they 
should be considered with some caution. The outcome 
measurement of mental well-being in the study by Devoto 
et al30 was derived from a composite score and its validity 
and reliability for use with the study population was not 
reported, and while socioeconomic status was included, 
other potential confounding factors which might affect 
Table 4 Strength of evidence from qualitative data
Health domain Quality* Quantity† Consistency‡
Strength of 
evidence§
Pain and injury Five good, two fair, two 
poor
9 Consistent:
100% associate WC and pain
Strong
Fatigue and energy 
expenditure
Three good, two fair, 
two poor
7 Consistent:
100% associate WC and increased 
fatigue
Strong
Stress Two good, one poor 3 Inconsistent:
2 (66%) good quality studies associate 
WC and increased stress, one study 
found no effect
Strong
Perinatal health Two good, one poor 3 Consistent:
100% associate WC and reduced 
perinatal health or care access
Strong
Social vulnerability Five good, three fair, 
three poor
11 Consistent:
100% associate WC and worse social 
vulnerability
Strong
General health Two good 2 Inconsistent:
1 (50%) associate WC and poorer 
health, 1 (50%) associate WC and 
better health
Inconclusive
*Quality score based on CASP tool, qualitative and quantitative data of mixed methods studies rated separately, such that total number of 
rating scores can be greater than number of studies.
†Number of studies.
‡Inconsistent: if ≤75% of the available studies reported the same conclusion.
§Evidence based on quality, number and the outcome of studies: strong=provided by generally consistent findings in multiple high-quality 
qualitative studies; moderate=generally consistent findings in one high-quality study and one low-quality qualitative study, or in multiple low-
quality studies; inconclusive evidence=only one study available or inconsistent findings in multiple studies.20
WC, water carriage. 
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 c
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 b
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 d
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 c
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p
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p
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 p
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itn
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b
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b
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p
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 b
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 c
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 d
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 c
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p
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 p
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 b
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 c
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 c
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p
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 c
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 c
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 c
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 c
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ra
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’ f
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re
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 b
ac
k 
an
d
 h
ip
s/
p
el
vi
s 
or
 
le
gs
), 
ne
ga
tiv
el
y 
as
so
ci
at
ed
 w
ith
 c
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) c
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mental health and life satisfaction were not included 
in the analyses. The average one way time to the water 
source in the case study by Thomas and Godfrey44 was 
<3 min.
There is moderate quantitative evidence that perinatal 
health is associated with water carriage (table 3) and 
strong qualitative evidence (table 4). Six studies reported 
different aspects of perinatal health to be associated 
with water carriage (table 8). Two qualitative papers 
reported physical strain and non-specific ‘health compli-
cations’ from carrying 20 L water containers on the 
head during pregnancy50 52 and one reported mothers’ 
views that being forced to fetch water in late pregnancy 
led to malnourished children.55 Quantitative studies 
reported reduced uptake of prenatal care services,22 
six times greater odds (our calculation) of giving birth 
in a health facility when a husband provided help with 
water fetching38 and almost four times greater odds of 
giving birth in any given month, among women with an 
improved water supply closer to their home compared 
with those without improved water supply.24 Gibson and 
Mace24 described the improved water access as an ‘energy 
saving’ intervention which reduced distance to water and 
women’s time spent water fetching. They concluded that 
the energy saved by the technology did not translate 
into an improved nutritional status for women, because 
it supported an increase in birth rates. While the study 
found a negative consequence of the increased birth rate 
to be increased childhood malnutrition, it nevertheless 
indicates a potentially detrimental impact of maternal 
health associated with water carriage; it suggests that 
prior to installation of taps the exertion of water carriage 
affected women’s health enough to reduce birth rates, 
as compared with birth rates post-tap installation. While 
Gibson and Mace did not include nutritional interven-
tions as possible confounding factors in their multivari-
able analysis, and McCray’s22 outcome measure could 
have been affected by recall and therefore misclassifi-
cation bias, the six studies provide evidence that water 
fetching could be significantly associated with perinatal 
health outcomes through behavioural and physiological 
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general health of water carriers, with greater amounts of 
time spent water fetching linked with poorer health for 
both children and adults (table 10). These findings were 
inconsistent with those of Geere et al,43 who found that 
adults who currently or previously carried water, had a 
better (lower=healthier) mean general health rating 
score than adults who never carried water, while children 
who currently carried water reported better, and chil-
dren who previously carried water reported worse health, 
compared with children who had never carried water. In 
qualitative data from an earlier pilot study, Geere et al46 
found that some children linked water carriage to better 
health and stronger resilience to diseases such as ‘influ-
enza’, others to meeting basic needs and some to experi-
encing unfair workloads.
The inconsistencies may be due to different methods 
used for participants to rate their general health, and 
differences in confounding factors incorporated into the 
analyses. In the three of four studies which attempted to 
scale or categorise health status,21 23 26 recall of occasions 
of illness or comparison of current to previous health 
status was required of respondents. This may introduce 
bias or error to the classification of health status, weak-
ening internal validity of the studies and rendering the 
findings inaccurate.17 Self-rated health ‘today’ on a simple 
5-point scale has been found to have high test-retest reli-
ability and to be an excellent predictor of future health 
in some studies, however, reliability of self-rated health 
status has also been shown to be affected by age, income 
and occupation in some populations.67 Hemson’s26 find-
ings may therefore have been influenced by recall and 
confounding factors, because the statistics presented are 
descriptive and lack analysis of the effect of variables such 
as age, gender and socioeconomic status. These variables 
were considered in the regression analyses reported by 
Bour,21 Foggin et al23 and Geere et al,43 with Foggin et al 
reporting a very strong association between increased 
time spent water fetching and poorer general health. 
However, other potential confounding factors which 
were not included in analyses, such as hygiene practices, 
access to healthcare or sanitation coverage, could have 
influenced the results in all studies. No studies used a 
longitudinal cohort design to determine a temporal rela-
tionship between water fetching and health status, and all 
could have been affected by confounding factors which 
were not included in analyses.
dISCuSSIon
This is the first systematic review of the association of the 
work of water carriage with the health of water carriers. 
Forty-two studies were included in the review. Direct 
detrimental health impacts were mainly reported, such 
as increased pain, fatigue and stress. Indirect detrimental 
health impacts were also reported and were related to 
perinatal health and social vulnerability. These included 
serious health issues such as physical abuse and rape. 
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demonstrate a cause and effect relationship is limited 
because of study design and fair or poor methodolog-
ical quality. The only cohort study in the review rated 
as good30 was of limited value, as in the main analyses 
of the health effects of ‘encouragement’ and actual 
household connection to piped water supply, people 
carrying water by container were not disaggregated from 
those connected by hose to a public tap or neighbour, 
the health outcome measures reported for relevant 
subgroup analyses were limited and confounding factors 
did not include other forms of manual labour. A greater 
number of studies reporting qualitative data were rated 
as having good methodological quality, and while these 
provide insight into the lived experience of fetching 
water, they cannot provide strong evidence of a causal 
relationship, as the actual experience of pain or other 
health effects may be mediated by confounding factors 
and bias. Overall, the evidence in this review indicates 
that the work of water carriage is more often associated 
with harm rather than benefit to the water carriers’ 
health. Our findings indicate that the health outcomes 
associated with water carriage create barriers to achieving 
the targets of many of the SDGs.
Qualitative studies clearly indicate that water carriers 
experience pain and feel exposed to risk of injury during 
water carriage, which is commonly performed by carrying 
containers on the head. The findings are supported by 
Lloyd et al,68 who reported that discomfort in the neck 
was, in all cases, the cause of early termination of head-
loading trials during a laboratory experiment. Geere et al43 
proposed that the pain pattern they observed to be asso-
ciated with water carriage might indicate referred pain as 
a consequence of tissue deformation under compressive 
loading, or long-term structural changes such as cervical 
spondylosis. Evidence of advanced cervical spondylosis 
has been reported among porters and people who apply 
loads to the head (head loading),69–71 suggesting that this 
common method of water carriage may be sufficient to 
cause structural changes in bone and the soft tissues of 
the spine. Such changes have been proposed in experi-
mental studies to occur as a consequence of biomechan-
ical stress and strain.72 Particularly in the cervical spine, 
spondylosis may lead to neurological impairment, such 
as radiculopathy or myelopathy, and related disability.73 74 
However, none of the studies reporting pain or injury 
affecting water carriers were longitudinal cohort studies. 
Hence, it remains unknown whether the loading patterns 
typical of domestic water carriage, by head loading or 
other methods, are sufficient to have important long-term 
effects on the musculoskeletal system and to increase risk 
of neurological compromise. This question is particu-
larly important for populations in sub-Saharan Africa, 
where other risk factors for myelopathy, including nutri-
tional or infectious diseases such as HIV, tuberculosis or 
schistosomiasis, are also common75–77 and may increase 
susceptibility to adverse impacts of head loading. It is 
also important to recognise that many people will carry 
diverse loads in addition to water,60 and future studies 
should include detail of other head loading and manual 
labour as potential factors confounding the effects of 
water carriage.
No studies attempted to conduct any detailed clin-
ical assessment of their study participants,78 or reported 
excluding participants with long-term health condi-
tions which might cause pain and modify an association 
between symptoms and water carriage. This may be due 
to the practical and ethical challenges of conducting 
clinical assessments in areas of limited health services 
coverage, the likely situation in many areas where water 
carriage studies would typically be conducted.6 However, 
future studies would be strengthened by incorporating 
some aspects of clinical assessment to supplement self-re-
ported health outcomes. For example, a medical history 
could be combined with evaluation of whether move-
ment, compression stress or palpation of pain sensitive 
structures provokes symptoms comparable to those expe-
rienced during water carriage.79 This would help to iden-
tify a likely cause of symptoms and could confirm whether 
mechanical loading during water carriage is a plausible 
mechanism of pain production in study participants.
This review has found moderate quantitative and 
strong qualitative evidence that tiredness or fatigue is 
associated with water carriage. Head loading by African 
women has been described as an energy efficient way 
of carrying loads.80 81 However, one study tested the 
‘free ride’ hypothesis for head loads compared with 
back loads, and found that it was not generalisable, with 
significant individual differences in energetic cost.82 In 
larger households, or those caring for young children, 
aged parents or people living with disability or long-term 
conditions, their need for water may be high and water 
carriage may become a demanding daily chore, particu-
larly if it falls on one woman or her children. Differences 
in the capacity of individuals to meet their household’s 
need for water will influence water security and could 
exacerbate interhousehold and intercommunity inequal-
ities of water access, a direct challenge to SDG 6 target 
6.1 ‘universal and equitable access to safe and affordable 
drinking water for all’.5
We found inconclusive quantitative and strong qualita-
tive evidence that stress is associated with water carriage. 
Qualitative evidence highlighted that the experience 
of stress associated with water carriage could be due to 
reduced family time and poorer interpersonal relation-
ships, conflicts which arise in the community or at home 
over water use and domestic tasks, the physical challenges 
of collecting water and lack of safety. Water fetching is 
also indirectly linked to stress, by increasing water insecu-
rity, and feelings of worry or shame from inability to keep 
oneself or one’s children clean, or complete expected 
household chores such as laundry, cleaning and cooking. 
The one good quality cohort study in this review did not 
find a significant effect of connection to a piped water 
supply on respondents’ mental health or life satisfaction, 
however, their mental health index was derived from the 
average of three separate measures of well-being, and its 
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reliability and validity for use in the study population is 
not clear. While socioeconomic confounding factors were 
included in the analyses, other factors which may have 
also affected mental health and well-being in the popu-
lation studied, were not included in the analysis. Overall, 
our findings are similar to a review of water insecurity 
and psychosocial stress,83 and highlight that reducing 
the work of water carriage has potential to benefit 
women’s and children’s mental health in settings where 
water carriage is physically challenging, unsafe or exac-
erbates water insecurity. This aligns with SDG target 3.4 
to ‘promote mental health and well-being’6 and further 
good quality cohort or intervention studies, using valid 
and reliable outcome measures of stress, mental health 
and well-being are warranted.
The moderate quantitative and strong qualitative 
evidence that water carriage can affect perinatal health 
and reduce uptake of health services is particularly rele-
vant to SDG 3 targets 1 and 2, to reduce maternal and 
new born deaths, and 7, ensure access to reproductive 
healthcare services. Fetching water also sets the scene in 
which health risks due to social vulnerability are realised. 
Vulnerable people include women, children, displaced 
people, people with disability and people living with HIV 
AIDS. It is likely that cases of abuse are under-reported, 
due to shame and fear of further discrimination or repri-
sals against the victim or their family, and ineffective or 
inappropriate policing and support services.48 Older 
adults are also vulnerable, as they may not be capable of 
collecting enough water from off-plot sources because of 
age-related health problems, and may lack support from 
younger family members for fetching water.84 85 Future 
studies should investigate how to reduce social vulnera-
bility and ensure safe access to safe water, and are needed 
to strengthen the existing evidence base and identify 
ways to meet the ‘universal’ aspect of SDG 6, target 6.1.
Study findings differ on the association between 
general health and water carriage. Apart from differ-
ences in study design, the perceived and reported general 
health impact of water carriage may also be mediated by 
whether the work is perceived as ‘normal’, whether it 
allows basic needs to be met and by how well the work-
load matches the water carrier’s physical capacity for 
work and the comparative workload of other people.46 
In the study which reported a rating of health ‘today’,43 
the association of better health with current or past water 
carriage might indicate a selection process, whereby 
healthier people are allocated the task of fetching water. 
It may also indicate a beneficial health effect of regular 
physical activity undertaken since adolescence.86 Overall, 
the findings on general health from studies in this review 
are inconsistent and therefore provide inconclusive 
evidence. However, in light of this review’s findings in 
relation to other domains of health, further research 
with longitudinal cohort studies is warranted.
Our review has used a sensitive search strategy to iden-
tify published reports in academic and grey literature. 
While one good quality cohort study evaluating the 
impact of connection to piped water supply was found, 
its findings were of limited value for the review. A limita-
tion of our review is that we did not contact study authors 
for additional information or data. All other studies were 
either qualitative or used cross-sectional surveys, and 
we therefore cannot make causal inferences. However, 
the qualitative studies included in this review provide 
insight into people’s experiences of water fetching and 
the mechanisms by which it might affect their health, and 
together with the substantial number of cross-sectional 
studies reporting that water carriage is negatively asso-
ciated with health outcomes, indicate that further good 
quality research is warranted.
The design of future studies should ideally evaluate 
the temporal relationship between water carriage (expo-
sure) and health (outcome) to evaluate cause and effect, 
or use randomisation and control groups or villages to 
reduce risk of confounding and bias. They should also 
include multivariable analyses of important potential 
confounding factors, such as socioeconomic level, health 
status and comorbidities, manual labour and carriage 
of loads other than water.87 Studies should incorporate 
standardised, valid and reliable methods of exposure 
and outcome measurement, including measured time 
spent carrying water, weight of water carried, frequency 
of water carriage, years of exposure and methods of water 
carriage. Health outcome measures should be piloted for 
reliability and validity of use in the study populations, 
and include severity, duration, location and functional 
impact of pain, as well as indicators of fatigue, stress, 
mental health and general health, social vulnerability 
and perinatal healthcare access. Clinical assessment by 
trained health workers could supplement self-reported 
outcome measures to support better evaluation of the 
health status of study participants against selection 
criteria, at baseline assessment and follow-up. While the 
challenges of limiting the effects of confounding and 
bias in WASH research are well recognised,88 a stronger 
body of evidence derived from good quality studies with 
comparable health outcome measures will allow future 
reviews to better evaluate risk of bias, more precisely esti-
mate measures of treatment or intervention effect and 
conduct sensitivity analyses to reduce risk of overall bias.
Through its association with pain, fatigue, stress and 
reduced access to perinatal healthcare services, the 
existing evidence suggests that water carriage is a poten-
tially important barrier to achievement of many health 
targets set for SDG 3. Because in most households of 
low-income and middle-income countries, it is women 
and girls who fetch water for household use, it will also 
compromise SDGs related to gender equality, quality 
education for all and reducing inequalities. Because 
water is essential for life, but fetching it is often not safe, 
water carriage is also a barrier to ensuring safe and inclu-
sive societies, and decent work for all, a further chal-
lenge to reducing poverty in all its forms. However, it is 
important to recognise that water may be carried in addi-
tion to other loads, and it may not be the heaviest or key 
 o
n
 4 Septem
ber 2018 by guest. Protected by copyright.
http://gh.bmj.com/
BM
J G
lob Health: first published as 10.1136/bmjgh-2018-000764 on 22 June 2018. Downloaded from 
Geere J-AL, et al. BMJ Glob Health 2018;3:e000764. doi:10.1136/bmjgh-2018-000764 23
BMJ Global Health
porterage task leading to health issues. Combined, all of 
these factors reduce the likelihood of achieving SDG 6 
target 1 by 2030: ‘universal and equitable access to safe 
and affordable drinking water for all’.
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